Abstract: Craniopharyngiomas are benign but aggressive epithelial tumors usually originating in the anterior lobe of the pituitary gland from squamous remnants of an incompletely involuted craniopharingeal duct developing from the Rathke pouch. To the authors' knowledge only 1 patient of a primary isolated ethmoidal craniopharyngioma has been reported in the literature.
C raniopharyngiomas (CP) are benign but aggressive epithelial tumors with no sex differences in incidence. 1 They usually develop in the anterior lobe of the pituitary gland which derives from the Rathke pouch. Therefore, CPs are generally believed to originate from squamous remnants of an incompletely involuted craniopharingeal duct that also develops from the Rathke pouch. 1 Craniopharyngiomas are typically located within the sellar and suprasellar region. Infrasellar location with involvement of the sphenoid sinus and occasional extension to the ethmoid is rare. 1, 2 Regarding isolated extracranial CPs without sellar involvement, a primary ethmoidal location is exceptional and to the best of our knowledge only 1 patient has been reported in the literature. 2 We report an additional second case in a young boy emphasizing the difficult diagnosis and treatment of this rare entity.
CLINICAL REPORT
A 17-year-old boy was referred to our department for left massive epistaxis after biopsy of an ipsilateral ethmoidal lesion elsewhere. The endoscopic endonasal evaluation revealed a left ethmoidal mass dislocating the nasal septum on the right side reducing the contralateral respiratory space (Fig. 1A) . No other symptoms were reported. A computed tomography (CT) scan performed at another institute was the first line radiological investigation revealing a left mass occupying entirely the left nasal fossa with the presence of calcifications inside the lesion. There was no invasion of the orbit or the skull base. Subsequently, the patient underwent a biopsy of the mass in that institute with a histological finding compatible to ''adamantinomatous type craniopharyngioma'' (aCP). Five days after the biopsy, the patient presented severe left epistaxis, treated with nasal packing, and then referred to our department for further management. A magnetic resonance (MRI) with gadolinium was performed in our center, to evaluate the extension of the mass and its characteristics. A left isolated ethmoidal lesion was present with a highly heterogenous signal both in T2-weighted and postcontrast T1-weigthed sequences due to the presence of cystic parts and calcifications (Fig. 2) .
The histological slices were revised for a second opinion on the previous diagnosis that was confirmed. The patient was then scheduled for an endoscopic resection of the lesion: a centripetal resection technique was adopted dissecting the ethmoidal cells, in the left nasal fossa, on a subperiosteal plane and removing the lesion ''en bloc'' with the ethmoidal box and middle turbinate (Fig. 1B) . The bony boundaries were drilled out with a diamond burr. A feeding vessel at the level of the frontal beak was identified and cauterized. Multiple frozen sections of the surgical margins were performed confirming the complete excision of the tumor. Histopathological results revealed sheets of squamous epithelium disposed in cords, lobules, and irregular trabeculae, bordered by palisaded columnar epithelium. Nodules of ''wet keratin'' were found in the compact areas. The tumor cells focally infiltrated the bony structures of the ethmoid and showed nuclear immunoreactivity for p63 and b-catenin. These histological aspects confirmed the diagnosis of ''adamantinomatous type craniopharyngioma'' (Fig. 3) . Nasal packing was removed after 2 days from surgery and the patient was discharged from the hospital in the same day. Follow-up was performed with nasal endoscopy at 1, 3, 6, 12, and 18 months after surgery associated with an enhanced MRI after 24 months showing no evidence of recurrence of disease (Figs. 1C and 4 ).
DISCUSSION
Craniopharyngiomas represent 2.5% to 4% of all brain tumors with preponderance in children between 5 and 15 years. This age group includes almost half of all CPs. 2 Infrasellar CPs may present with impaired visual ability due to sphenoidal involvement and nasal obstruction due to extension in the nasal cavity and nasopharynx. 3 Epistaxis is not a typical manifestation of extracranial CPs. However, nasal bleeding has been reported in the literature 2 as an unusual symptom in this kind of lesion, which can mislead diagnosis.
Imaging is necessary to determinate the extension of the tumor and its relationship with the surrounding structures that are very important factors for the surgical assessment and can be achieved preoperatively by both CT scan and enhanced MRI. Craniopharyngiomas present typically with a highly heterogenous signal due to the presence of cystic and calcific components, as in our patient. 1 However, clinical or radiologic features are not sufficient for reaching a definitive diagnosis especially in an atypical location as in the present patient. Therefore, histopathologic confirmation is required once the imaging is completed.
Histologically CPs can be classified into 2 main subtypes: adamantinomatous and papillary. However, mixed tumors may be present. The papillary subtype is more frequent in adults. 1 On the other hand, the adamantinomatous subtype is more common in children, located in the suprasellar region and its macroscopic appearance is mixed solid-cystic or predominantly cystic. Calcifications are often present. 1 The most frequent tumor differential diagnosis of aCP is with ameloblastomas (AB) that are epithelial odontogenic tumors of the jaws rarely originating in the paranasal sinuses. 4 Moreover, AB is rare below the age of 20 years. Classical aCP shares morphological and genetic features with AB or keratinizing and calcifying odontogenic cysts of the jaw suggesting a shared developmental origin. Microscopically, both aCP and AB are characterized by anastomosing trabeculae of squamous epithelium with a peripheral palisaded layer and more loosely arranged ''stellate reticulum.'' Clusters of ''ghost cells'' (also called ''wet keratin'') may be present. Nuclear translocation of b-catenin (normally residing at the cell membrane) is commonly present in 70% aCP cells. 1 Nevertheless, it has been recently demonstrated with immunohistochemical staining that 94% of aCP present strong cytoplasmic and nuclear accumulation of b-catenin. 5 Immunohistochemistry is the key to differentiate aCP from AB since no b-catenin mutations are found in AB. 6 The immunohistochemical profile of our patient presented nuclear immunoreactivity for b-catenin and squamous cells p63 positivity, which confirmed the diagnosis of aCP.
Craniopharyngiomas are radioresistant, thus surgery is the main treatment modality. Complete resection is the surgical aim, to avoid local recurrences that can be as high as 50% if excision is incomplete. 1 A variety of operative procedures such as lateral rhinotomy or transpalatal approaches, and transcranial approaches (pterional, bifrontal, subfrontal as traditionally described) can be used depending on the location and the size of the tumor mass. 7 However, in view of the expanding application of mini invasive procedures, there has been growing interest in the use of endonasal endoscopic surgery in the management of benign sinonasal and skull base tumors. 8 The increasing experience acquired with endoscopic procedures, improvement in imaging studies, and the constant refinement of the endoscopic instrumentation have all contributed to gradually expand the indications. The experience gained with the endoscopic approaches in adults 9 has contributed in the application of the technique also in younger age. 10 As in our patient, an endoscopic approach has been used also in the management of the other one ethmoidal CP. 5 The major advantage of the endoscopic approach lies in the outstanding possibility of having a magnified visualization of the site of origin as well as of the areas involved by the mass. Moreover, the endoscopic approach offers a wide field of vision thanks to the angled endoscopes, the ''four hands technique'' permits the employment of more instruments through the nasal cavities, and new technological advancements such as neuronavigation and intranasal Doppler are precision tools for approaching the skull base safely. The endoscopic endonasal technique is safe and less traumatic than external approaches, leaving no aesthetic disfigurations and permitting shorter hospitalization time.
CONCLUSION
Primary CPs of the ethmoid are extremely rare. Diagnosis is difficult and should include nasal endoscopy, CT scan, and enhanced MRI for better evaluation of the extension and characteristics of the tumor before any biopsy can be considered. B-catenin is an important immunohistochemical marker to differentiate aCP from other lesions. The endoscopic endonasal technique presents many factors that undoubtedly may favor its use in pediatric patients, such as avoidance of facial incisions and osteotomies with unmodified development of the facial skeleton, reduced intraoperative bleeding, and short hospitalization time.
